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Chapter II - DEFINITIONS AND UNITS

Problem *2.1

Referring to Figure 2.10 in the text, the atmospheric pressure is 100 kPa and the

pressure gages A and B read 2J psig. Determine the abksolute pressures in voxes A
and B in (a) psia; (b) in. Hg absolute.

Given: Atmospheric pressure and readings of gages A and B.

Find: The absolute pressures in boxes A and B.

25 psig

8 Furr = 100 kfa

Sketches and Given Data:

Assumptions: None

Analysis: Convert atmospheric pressure to psia.

1 psi = 145 psi
(100 kPa) (m) 5 psia

Determine pressures A and B in psia, then convert to in Hg absolute.
a) Py = Pﬂ..,e + Por
= 25 psia + 14.5 psia = 39.5 psia
P, = P,,.me + Pog, DUt Py, =Py
= 25 psia + 39.5 psia = 64.5 psia

1 inHg

= ja) | ———2°_| =8042i
b) Py f395 psia) ( B0 psia) in Hg absolute

P, = (645 psie) (6.21'5:3’}'%&5) = 131.3 in Hg absolute
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Chapter II - DEFINITIONS AND UNITS

~ Problem *2.6

Determine the pressure at points A and B if the density of mercury is 724.4 Ibm/ft’
and that of water is 62,4 |bm/ft’, Refer to sketch for prablem 2,44 (815,

Given: Fluid densities and heights.

Find: Pressures at points A and B.

Sketch and Given Data: A -‘% i - 7

Pwo = £2.4 \bn/ft3

puy = 1244 tbw. /443

Assumptions: 1) Atmospheric pressure is 14.696 psia
2)  Acceleration of gravity is 32.1739 ft/sec*

~ . Analysis: Converting heights to feet.

(635 mm) (L0 ) (L®) - 2083 £t
254 mm| (12 in

(510 mm) (22 ) (18) . 1673 1t
254 mm) {12 in

Pressure at B is atmospheric plus 1.673 ft column of mercury.

Py = P, +PLE - 14696 psia + (7244 IorAE)(1.673 £)(32.1739 fsec?)
(144 in*/£t*)(32.1739 Ibm-ft/lb,-sec?)

= 23.1 psia

. Pressure at A is pressure at B minus 3.756 ft column of water.

_ (62.4 Ibm/ft)(3.756 £)(32.1739 fr/sec?)
(144 in%/f1*)(32.1739 Ibm-ft/Ib -sec?)

P, = P, - %‘é = 23.1 psia

= 21.5 psia
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.= ______. Chapter ITl - CONSERVATION OF MASS AND ENERGY

Problem *3.5

An air compressor handles 300 ft’/min of air with a density of 0.079 lbm/ft® and a
pressure of 14.7 psia, and it discharges at a pressure of 75 psia with a dcnsity of 0.305
Ibm/ft’. Tha ahange in specific internal cncrgy across the compressor is 35 Btu/lbm,
and the heat loss by cooling is 10 Btu/Jbm. Neglecting changes in kinetic and
potential energies, find the power in Btu per hour, horsepower, and kilowatts.

Given: A compressor receives a steady flow of air through it. The inlet and discharge
are given.
Find: The power required.

Sketch & Given Data:

’ 3
V‘: 300 &/m.m ’____——% A= 75— sra

i
3 o presser]
e'= 0.019 (‘”“/H \c“fﬂ " e -00305- "H/‘Zﬁs

| \ n
_ )
p= 14T psia Wl } (we-w)= 3S BM//fu,

— o o—, o=

g: -/0 31“’//40«

Assumptions: 1) The compressor is a steady-state open system.
2)  Neglect kinetic and potential energies.
Analysis:  The first law for a steady-state open system is:
Q + m(u+pjp+ke+pe), = W + m(u+p/jp+ke+pe),
Apply assumption (2):
Q « m(u+pp), = W + m(u+pp),

Q + mhpfp, = W + 1h[(u,-u,)+p,0,]
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" Chapter Il - CONSERVATION OF MASS AND ENERGY

The mass flowrate is not given, so it must be found from volume flowrate,

. . Ibm
= = [0.079_—
m=pYV, ( 0 =

, |
(300_ﬁ,_] - 237lom
min

mm

The heat flu, is Q = hq. Substitute data in the first law equation,

) (,  ;
1020 (2370m) | (2370m) 1yg7 | [1agi22f| 1 £€ | 1B
om) |~ min min) | 0075 Tbm ) | 778.16 i1, |

it
W+ (237 | |]89.7—]| [144—= ,
+ ( minJ [ in’J [ ftZJ (0.305 lbm] [778.16 ft-1b, + (35 Btu/lbm)

|

W = -1540B% - _g2415B% .

—
.

— = =363 hp = -27.1
min hr P kw
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Chapter III - CONSERVATION OF MASS AND ENERGY

Problem 3.12

An air compressor handles 8.5 m*/min of air with a density of 1.26 kg/m* and a
pressure of 1 atm, and it discharges at 445 kPa (gage) with a density of 4.86 kg/m’.
The change in specific internal energy across the compressor is 82 kJ/kg and the heat
loss by cooling is 24 kJ/kg. Neglecting changes in kinetic and potential energies, find
the power in kilowatts.

Given: The volume flowrate of air entering a compressor at specified conditions, the
heat loss from the compressor and the specified air conditions leaving the
COMmpressor.

Find: The power required for the compressor.

Sketch & Given Data: YW Gevndey
AR 8.51\)/“..\ T - A = 44S fa (aa3e3
. ezl.l&. hﬂfma = 4,86 hs]ms
= ( abm Se
e > Al = 82 hv/b-ﬁ

ey g = -24kVkg
Assumptions: 1) The air compressor is a steady-state open system.

—.
)

— A A~ =

P

2) Neglect changes in kinetic and potential energies.

Analysis: The first law for an open, steady-state system is:

Q + mh [u+pjp+ke+pe], = W + th [u+pjp +ke +pe],

The mass flowrate of air can be determined from:

min ) | 60 sec

h = pV, = (126 kg/m?) [s.sﬁ] (-I_E]

th = 0.1785 kg/s
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Chapter III - CONSERVATION OF MASS AND ENERGY

Apply assumption (2) to the first law and substitute into the resulting equation.

(-24k J/kg)(0.1785 kg/s)+ (0.1785 kg/s) [(u kJ/kg)+(101.3_._.)(1_26_1.(§)J

= W(kW) + (0.1785kg/s) (uzf ] 463k_N) [4 18611:;]

w,-u, = 82 kJ/kg
The power is

W = -24.6 kW
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_ Problem *3.6

Chapter III - CONSERVATION OF MASS AND ENERGY

Two gaseous streams containing the same fluid enter a mixing chamber and leave as
a single stream. For the first gas the entrance conditions are A, = 80 in?, v, ~ 400
fysec, @ = 0.10 Ibm/ft’. For the second gas the entrance conditions are A, = 60in.2, 1,
= 70,000 Ibm/hr,~; = 8.04 ft’/lbm. The exit stream condition is v, = 400 ft/sec, and
i = 7 {/ibm. Determine (a) the total mass flow leaving the chamber; (b) velocity

of gas 2.
Given: A mixing chamber receives two fluid streams and discharges a single fluid
stream.
Find: The mass flowrate leaving the mixing chamber and the velocity of the second
inlet fluid.

Sketch & Given Data;

A‘: 80 1n* ‘
§, = 4co Gé/x——,{C
Jois V3 = 400 §f4/sec

e = 0.0 (be

o3

Ar= 60 o

waqy = 70,000 ba/hr

Az = 8,04 D43/, «

|

\

(

{ €D ATy = AT
‘r-y 3 ¥ //‘u
|

{

Assumptions: 1) The mixing chamber is a steady-state open system.

Analysis: The information given and the questions asked in this problem are related to
' mass flowrate. Hence, starting with the conservation of mass for steady flow

conditions is a wise place to begin.

In this case h, is not known, so solve for it.

80in?

m, = |0.1020@
e | | Taamvee

Ibm
m, = 80,000-1-1;.

] (4oo£) = 22.201bm
S€C sec
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-Chapter Il - CONSERVATION QF MASS AND ENERGY

a) m, = 80,000 + 70,000 = 150,000 Ibm/hr

The velocity of gas 2 is found from the conservation of mass equation,

m, =p, AV,
Jbm 11bm|| 60in’
194428 = ft
( sec] (8.04&3] ( 144in2/ft2] (s fisee)

b) v, = 375.2 ft/sec -
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T I Chapter Il - CONSERVATION OF MASS AND ENERGY

Problem *3.7

Steam with a flow rate of 3000 Ibm/hr enters an adiabatic nozzle at 200 psia, 600

ft/min, with a specific volume of 2.36 ft/lbm, and with a specifie intesal encrgy of
11zz.7 Brwibm. The exit conditions are p = 20 psia, specific volume = 17.6 ft’/1bm,
and internal energy = 973 Btu/lbm. Determine the exit velocity.

Given: A nozzle receives a steady flow of steam, increasing its velocity. The steam
states into and from the nozzle are known.

Find: The steam’s exit velocity. -
Sketch & Given Data:

4w = 3000 “’w/kt’ \ fe = 20(7 sra

| @ =0 A =126 FE/y
‘ 2 z = /4
V2 &60 ‘C""/FM_K : ~~~~~~ " =

P
ary = 2.6 B,

Assumptions: 1) The nozzle is a steady-state open system.
- 2)  Neglect changes in potential energy.

3) The heat and work transfer are zero.

Analysis: The first law for a steédy-opcn system is
Q + mh(u+pv+ke+pe), = W + m(u+pv+ke+pe),
Apply assumptions 2 and 3 and divide by the mass flowrate, yielding

u, + pyv, + ke, =u, +pu, +ke,
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TS Chapter I - CONSERVATION OF MASS AND ENERGY

77 Substitute the data into the equation

144> (mﬁ’ 1
f Ibm | | 778 16(F-To)/Bra

Ib
(11227532) R [200._‘
Tbm in?

) (10ft/sec)?
@) |32.17410m1t | 1570 16 1t-Tb,
If -sec? Btu

b . ...
0 | (144in%t2)(17.6£¢1bm)

2
= (973 Btu/lbm) + ( z + ke,

(778.16 ft-Ib/Btu)

ke, = 171.95%
2 Ibm
v, ft/sec)?
1 (v, ftisec) - 171981
2 32.174 Iom -ﬁ] (778.16 ft-1b/Btu) o
Ib,-sec? } ' | |
v, = 2934 ft/sec
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‘Chapter III - CONSERVATION OF MASS AND ENERGY

Problem *3.22

A 1500 W electric hair dryer is essentially an adiabatic duct and consists of a small
fan which blows air over a heating clement, increasing the temperatura of the air
from 1ts inlet temperature of 77 F to an exit temperature of 127 F. The air density
at inlet conditions is 0.0739 Ibm/ft* and at outlet conditions is 0.0709 Ibm/f. The
specific internal energy changes from 91.5 Btu/Ibm at inlet to 100.1 Btu/lbm at outlet.
The pressure remains constant at 14.7 psia throughout the hair dryer. The exit cross-
sectional area of the hair dryer when the nozzle is in place is 1 in>. Determine:

a) The mass flowrate of air through the dryer;
b) The volume flowrate of air at inlet conditions;

c) The velocity of the air leaving the nozzle.

Given: An electric hair dryer with inlet and outlet air conditions as well as exit nozzle
area.
Find: The air mass and volume flowrates and the exit air velocity.

Sketch & Given Data:

T(=77l= p=C= 9. ps/a -

........ . Tt F

@, =0:013% lbowm[pt3 ~ 3', @) @, = a.0709 tbwfpt3

_ D) —
=905 8b .« Yyt o W, = 100 BN/ (b
7% ' ! :
: . A e = ‘ "\L
cy‘:/foﬂ W/
Assumptions: 1) Steady state, steady flow.

2)  Neglect potential energy.
3)  The power of fan is negligible compared to heating element.

4) When the nozzle is not in place, the inlet and exit velocities are
essentially the same, hence the change of kinetic energy is zero.
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_ Analysis:

Chapter Il - CONSERVATION OF MASS'AND ENERGY

a) The first law for an open system for part (a) is
Q + tu+plp+ke+pe), = W + m(u+pjo+ke+pe),
Applying assumptions (2), (3), (4) yields:

Q - ﬁ'l[(uz"ux) *(pz/pz'"pl/pi)]

min-

(14.71b/in?)(144in%/ft?) 1 _ 1
tr-1b 0.0709 Ibm/tt’) {0.0739 Ibm/ft
778.16..]3?11_5 '

85.305 = (h)[8.6 + 1.55]
i = 8.4 lbm/min

(1.5kW) (56.87 B“}’(w) - (b Tbm/min){(100.1-91.5 Btu/bm) +

b) The volume flowrate at inlet conditions is

*y - ) : 1
¥ = = (1) = (84 Ibm/min

) = BefE BUR) = ( )((0.07391bm/ft3)]
¢ = 1137 ftYmin :

©) The velocity leaving the in* nozzle is found from the conservation of
" mass.

m = p,AV,

. bm| ,, 1 .
(8.4 Tbm/min) = (0.0709_53_] (1 ind) (m] (v, ft/min)

V, = 17060 fy/min = 2843 ftisec
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<. Chapter LIl - CONSERVATION OF MASS AND ENERGY

Problem *3.27

In the first the

d a specific volume of 0.444 £31big

in series.

Air contained in a piston cylinder undergoes two processes

til

ion un
. Sketch the precesses on a pv

1§ a constant pressure compress.

1dan

to pv = Cfrom 500 ps

ing
to a pressure of 20 psia. The second process

¢

ds accord

air expan

.

specific volume three equals specific volume one
diagram and determine the work per unit mass.

.

rinap

Given:

iston cylinder undergoes two defined processes, one after the other.

Sketch the processes on a pv diagram and determine the work in B/l .

Find

Sketch & Given Data:

e ST R
T LN R A A R P
1R R R 11
(1 HGS E M TR EH A R R e T
FEECTE EEE T FEE e e e R H
PR R L P R e 1
L RN T PR R A E T
R BT AR P R -
TH R VR TR R R E ek AR
T R A R - A
e R A e
FEHATEL R EERERSX
PHE T P R R e 1
Y ««wt.w. + -wg.x..rc - .-1. H
SR ERR R aunl .
8 O A FEF X
PR HA R R E TR
VR R e A e -
AR F R o B w7 4 .
T E R HAETEEEEE EEFLEREEL FL PR PR
R R L L AR
VT L = o 1 EE
I N o A o B D -
BT T EH B LS e b R TR
LA S i m.m; “mmu-7 -
LR e F e ek R
B Wi
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* Assumptions:

Analysis:

. B
. .

Chapter Il - CONSERVATION OF MASS AND ENERGY

1) The air in the pigton/cylindcr is a closed §ystem.
2) Neglect kinetic and potential energies.
3)  The processes are quasi-equilibrium ones.

Find the work for each process and add them together. The work for process
1-2 is

dv v - v
W, = fpdv = fc;. =C ln(;;f] = p,vlln(.{f)

py, = pv, hence v, =p/p, v, =2,

o) (. ., in
500t | {14413 | 10,444 2 |1, (500
W, =puln|Pt| - L 071 on) A%
12 = piin| 2 (778.16 Ti-To;Bta)

W,, = 1322 Btu/lbm

For the process 2-3 the work is

ol | 1402 |
20| 1422 | 0.444-111 £0bm)

W = [pdv = plo;-vy) = (778.16 ft-Tb;Bra)
Btu
- 39420
-3 Ibm

W, ,=0 for v=c¢

The net work is

W, = 1322 - 39.4 = 92.8 Btu/lbm
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Chapter III - CONSERVATION OF MASS AND ENERGY

Problem #3.41

A power plant produces S00 MW of electric power while operating with an efficiency

of 45%. The heat rejected from the ¢ycle g0¢s into cooling water cupplisd fram an
adjacent river. The water’s enthalpy increases by 20 Btu/lbm as it receives the heat

rejected. Determine the mass flowrate of water required,

Given: A power plant produces a given amount of power at a known efficiency. In
doing so the heat flow from the plant enters a river.
“ind: The flowrate of water required for cooling.
ketch & Given Data: Conbol Volvwe
. / ceo(nsﬁ wa
i S
E— ot hz -k = 20 3% /ibm

- -

=45

gt

L}
| o
Seomu T
ssumptions: 1) The cycle is a closed system.

2) Neglect changes in kinetic and potential energy of the cooling
water and there is no work done in the cooling process.

nalysis: For a power producing cycle,

p = Whnet
045 = 00
in
Oin = 1111.1 MW
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~ Chapter Il - CONSERVATION OF MASS AND ENERGY

For any cycle:

Wnet = Qin + Qout
500 = 1111.1 + Qout
Qout = -611.1MW
kW Bru Bt
t = (-611.1 1000217 | (34122 2 ) _ o s Btu
Aout = ( MW)( MW)( hr-kWJ 20852 x 10028

From a first law analysis on the cooling water (where the heat is entering the
cooling water; hence positive from the water’s view),

Q + i(h+ke+pe), = W + mi(h+ke+pe),

Apply assumption (2)

Q + thh, = mhh,
20852 x 10°B%) . (glbm) (59Btu
hr hr Ibm
m = 1042 x 10¢/0m
hr

p——
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Chapter IV - PROPERTIES OF PURE SUBSTANCES

- Problem *4.1

Fill in the data omitted in the following table for water.

Pressure  Temperature Specific volume  Enthalpy  Quality

(psia) (°F) (f/1bm) (Btwlbm)  x(%) State
(@ 500 0.650
®) 250 1000
© 600 700
@ 800 1399.1
©) 300 90
® 1000 200

Indicate for each state whether the state is subcooled liquid, saturated liquid, mixture,
saturated vapor or superheated vapor. :

Given: Two independent steam properties.
_ Find: Remaining properties and state of steam.
]
— ' Assumption: 1) The water is in equilibrium.

Analysis: (a)  Using Appendix A.15 at 500 psia, specific volume is between v, and
v, therefore this is a mixture. From Appendix A.15.

T = 467.02°F h; = 449.67 Btu/Ibm

v, = 0019739 ft’/ibm h, = 755.64 Btu/lbm

v, = 0.92849 ft’/lbm

v=u+x(v,- vy

0.65 f/1bm = 0.019739 £ibm + x(0.92849 ft'/Ibm - 0.019739 ft*/Ilbm)
x = 0.694

h = h + x h, = 449.67 Btw/lbm + (0.694)(755.64 Btu/lbm)

= 974.1 Btu/lbm
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- —ee’~'Chapter IV - PROPERTIES OF PURE SUBSTANCES
(b) Using Appendix A.14 at '250°F, enthalpy is between h, and h,,
therefore, this is a mixture. From Appendix A.15.

P = 29.864 psia h, = 218.66 Btu/lbm
v, = 0.017005 ft/lbm h, = 945.59 Btu/lbm

v, = 13.808 ft'/lbm

h = h+xh

1000 Btu/lb = 218.66 Btu/lbm + (x)(945.59 Btu/lbm)
x = 0.826

v = v, + x(v, - v) = 0.017005 £’/Ibm
+ (0.826)(13.808 £/lbm - 0.017005 £¢/1bm)

= 11.41 ft'/lbm

(c) From appendix A.16, since temperature is above saturation for 600
psia, this is a superheated vapor.

v = 1.0732 m’/kg h = 1351.4 Btu/lbm

(d) From appendix A.16, since enthalpy is above h, for 800 psia, this is a
superheated vapor.

T = 800°F v = 0.87629 ft’/lbm
(¢)  Since quality is given, this is a mixture. From Appendix A.14.
p = 67.078 psia h, = 269.64 Btu/lbm
v, = 0.017453 ft/lbm h, = 910.64 Btu/lbm
v, = 64627 ft'/lbm

v = v, + x(v, - vp) = 0017453 ft/lbm + (0.9)(6.4627 ft'/lbm - 0.017453 ft’/lbm)

= 5.818 ft’/lbm
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Chapter IV - PROPERTIES OF PURE SUBSTANCES

b= by + x hy, = 269.64 Btu/lbm + (0.9)(910.64 Btu/lbm)

= 1089.2 Btu/lb

()  Since temperature is below saturation for 1000 psia, this is a subcooled
liquid. Using Appendix A.17.

» = 001658 flbm  h = 170.32 Btu/lbm
v h
psia °F f/lbm Btu/lbm x% State
(a) 500 467.02 0.65 974.1 69.4 mixture
®)  29.864 250 11.41 1000 82.6 mixture
(©) 600 700 1.0732 1351.4 100 superheated
| , vapor
(@ 800 800 0.87624 1399.1 100 superheated
_ vapor
(¢) 67072 300 5.818 1089.2 90 mixture
® 1000 200 0.01658 170.32 0 subcooled
liquid
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Chapter IV - PROPERTIES OF PURE SUBSTANCES

Problem *4.8

Refrigerant 12 is expanded steadily in an isothermal process. The flow rate is 30
Ibm/min with an inlet state of wet saturated vapor with an 80% quality to a final ctate
of 160°F and 25 psia. The change of kinetic energy across the device is 1.5 Btu/lbm
and the heat added is 21.81 kW. Determine the system power.

Given: R 12 being expanded isothermally with heat addition and changé in kinetic
energy.
Find: Power.

Sketch & Given Data:

L

w
8 d :
x=0. TeC R o =30 /e
{60°F /Jﬂ 160°F
Q=218 kW
Assumptions: 1) R 12 is in equilibrium.

2) Change in potential energy is negligible.
Analysis: Using Appendix A.20 to find initial enthalpy.
h, = 46.633 Btu/lbm hy = 44373 Bw/lbm
hy = by + x hy = 46.633 Btu/lbm + (0.8)(44.373 Btw/lbm)
= §2.131 Btu/lbm
Using Appcndix A.21 to find exit enthalpy.
h, = 101.234 Btu/lbm
Writing first law equation for the open system.
Q + mh, + th ke, = W + th, + 1 ke,
W = Q + m(h,-h,) + m(ke,-ke,)
= (21.81kw)(56.87Btw/kw-min).
+ (301bm/m)(82.131Btw/1bm -101.234Btu/lbm)
+ (301bm/m)(~1.5Btu/Ibm)

= 622.2Btu/m
492
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B

Writing the first law equation for the closed system,

Q=AU+ W
(3 Ibm)(-212.7 Btu/lbm) = 384 Btu + W

W = -676.5 Btu
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Problem 4.16

Two kilograms per minute of ammonia at 800 kPa and 70°C are condensed at
constant pressure to a saturated liquid. There is no change in kinetic or potential
energy across the device. Determine (a) the heat; (b) the work; (c) the change in
volume; (d) the change in internal energy.

Given: Ammonia is condensed at constant pressure to a saturated liquid.

Find: The heat, work, change in volume and change in internal energy.

Sketch & Given Data:

=0
7
/
200 kfe - 800 kf
2 “5/" 7ooc‘ P=C sat. “tai‘
RY
Assumption: 1) Ammonia is in equilibrium.

Analysis: From Appendix A.10 for 800 kPa and 70°C.

v, = 0.1991 m*’kg h, = 1598.6 ki/kg

u, = h, - P,v, = 1598.6 kJ/kg - (800 kPa)(0.1991 m’kg) = 1439.3 kJ/kg
From Appendix A.9, interpolating to 800 kPa.

v, = v; = 0001630 h, = h, = 264.7 kJ/kg

u, = h, - P,v, = 264.7 kJ/kg - (800 kPa)(0.001630 m*/kg) = 263.4 kJ/kg
(a)  First law for open system. W = 0.

Q + mh, = mhh,

_ ooy _ (2kg/min)(264.7kJ/kg-1598.6kT/kg)
Q = m(b,-hy) (60sec/min)

= -44.5 kW (heat removed)
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(b)
(©

(d)

W =0

AV = m(v;+v) = (2 kg/min)(0.001630m’/kg-0.1991m*/kg)
= -0.395m*/min
= -0.00658m>/s

AU = m(u,-u,) = (2 kg/min)(263 4kJ/kg-1439.3k/kg)
(60 sec/min)

-39.2 kW
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